Isobutyl, 2-trans, 4-trans, decadienamide(ISDA) has the following structural formulae: In the case of barley seeds were treated with 0.01% and 0.05% for 4, 8, 24 and 48 hours. 50 seeds were taken in conical flasks using about 5ml of the chemical per seed. The treatments were terminated by draining off the solution and giving a quick wash in tap water. The seeds were subsequently placed on moist filter paper for germination. Height of the seedlings was measured on the 10th day. For cytolo gical studies, root tips of germinating seeds were fixed between 24-48 hours of the onset of germination in 1:3 acetic acid alcohol. Feulgen squash preparations were made and scoring done at anaphase.
Experimental Results
In the first experiment the material was treated with three concentrations i.e., 0.005; 0.01 and 0.02% along with a control for 1, 2, 3, and 4 hours. Root tips were collected immediately after the treatment, washed thoroughly in water and fixed. Each treatment was carried out in duplicate. Six slides were prepared from different roots selected at random. Cells were scored from one end of the slide taking about a thousand cells from each.
Effect on mitotic index: The data have been presented in Fig. 1 . It will be seen that there was an immediate inhibition on the frequency of dividing cells. Even after 1 hour treatment with 0.005% the mitotic index was reduced from 4 .2 to 1.3 % giving a reduction of about 70%, while after a treatment of 4 hours there is a reduc tion of 86%. Against this a treatment with 0.02% reduces mitotic index from 4.37% to 0.97% after 2 hours and stops division of cells after a treatment for 3 hours. This shows that the effects of the treatment are almost instantaneous and , therefore, the compound seems to effect some vital metabolic system of the cell following penetration. Changes in the frequency of dividing cells is a partial proof of a degree and kind of damage caused by the particular mutagenic agent . Cytological effects: Cells were scored for chromosomal abnormalities. There is no significant effect following a treatment with 0.005% and 0.01% for 1 to 4 hours or after 0.02% for 1 hour. But, following a treatment with 0 .02% for 2 hours about 46 cells were abnormal. These carried aberrations like sticky bridges, chromosomal fragments and a large frequency of polyploid nuclei. Results are presented in Table 1 . It may be seen that out of 200 cells 16% had bridges ranging from 1-3 per cell while 8% cells had bridges accomponied by fragments-indicating that some breaks had rejoined to form dicentrics and fragments. A significant observation was the presence of 22 cells with a tetraploid number of chromosomes. This sug gests that the chemical may have an inhibitory action on centromere or spindle mechanism such that the separation of chromosomes at anaphase is hindered. The percentage of the cells in different stages of division were calculated and from the data following points could be discernible: Table 1 . Cytological abnormalities in onion root meristems treated with ISDA 0.02% for 2 hours and fixed immediately i) That in all the controls fixed at four different intervals there is a continuity i.e. cells in all the four stages of cell division are present. Generally a high proportion of these are in prophase and ana-telophase. ii) After a short treatment i.e. for 1 hour there is a shift in the rhythem and a higher proportion of these are now found in metaphase. iii) But, following longer treatments of 2, 3 and 4 hours the proportion of cells in prophase goes on increasing. All the observations suggest that the treatment induces some sort of prophase poi soining or premetaphase inhibition.
Experiment No. 2: To study the effect of post recovery the second experiment was done. Here growing roots were treated with 0.02% ISDA for three hours. This treatment duration had stopped division fully in the first treatment. The bulbs were washed thoroughly after the treatment and transferred to vials containing distilled water and the roots were allowed to recover. Fixations were made after 8, 24, 36, 48, 60, 72, 90 and 120 hours of recovery. Mitotic index was determined from all the fixations and the data are presented in Table 2 . The M. I. in the control was 7.02. There was no recovery after 8 hours, and after 24 hours mitotic index was 0.003. However, the same increased slowly and there was a complete recovery after 96 hours. The frequency of cells in different stages of cell division shows again late prophase inhibition (Table 2) which is brought out clearly if the percentage of cells in metaphase and anaphase are compared. From Table 3 it is clear that in the control, percentage of metaphases is more than anaphases. At 24 hours of re covery period the divisions have been arrested at premetaphase and there are only 4% of cells in anaphase, but there is a progressive increase in the latter as the period of recovery increases. It seems probably due to a slow disappearance of inhibitory effect of the treatment and all those cells which had been arrested at prophase and metaphase, started again dividing and there was a slow and steady progress in the frequency of anaphase as the period of recovery increased. Table 2 . Number of cells in interphase and in division with mitotic index in onion root meristems treated with ISDA 0.02% for 3 hours after different recovery intervals Barley: Seeds treated with 0.01% solutions for all treatments germinated while seeds treated with 0.05% for more than 4 hours were killed. The data are given in Table 5 . The data show that a treatment with 0.01% upto 48 hours, the germina tion is progressively reduced to less than 50%. However, treatment with 0.05 beyond 4 hours proved completely lethal (Fig. 3) .
Cytological effects: Cells were scored for chromosomal abnormalities at ana phase. Chromosomal damage was found in all the treatments. This induced sticky bridges, true bridges with or without fragments, chromosomal fragments and pycno tic masses. Several root meristematic ends showed terminal swelling resembling C-tumours roughly. Data are presented in Table 6 . After 4 hours of treatment Table 5 . Table showing effect of ISDA (0.01%) on the seed germination and seedling growth in barley Table 6 . Chromosomal aberrations induced in barley root tips after treatment with ISDA 0.01% for 4 to 48 hours 27% of cells carried sticky bridges which ranged from 1 to 4 per cell. The percen tage of these anaphase bridges gradually increased with time to 92.3% after 48 hours of continuous treatment. After 8 hours the number of dividing cells fell greatly and about 20 slides per treatment had to be scored. In addition to these aberrations tetraploidy and chromosomal disintegration, diplochromosomes of almost C-mitotic type during both metaphase and anaphase were found. However, the treatments had profound effect on the morphology of the chromosomes. They looked well condensed and presented a clear outline.
Discussion
ISDA seems to disrupt the normal functioning of the cell in two ways 1) by inhibiting the process of cell division and 2) producing a host of chromosomal ana molies. The effect seems to be a function of both the concentration and the dura tion of treatment. That the cessation of mitotic division could be brought about by two hours treatment time suggests that the compound has a strong antimitotic activity and effects some vital functional unit of the cell. However, this effect is temporary and goes off when the material is allowed to revive again (Table 3 ). This indicates that the effect of the compound is inhibitory and not lethal or permanent. Another point that emerges from the data is that there is a sudden drop in percentage of dividing cells in anaphase with a corresponding increase in the percentage of prophases and metaphases. It is, therefore, presumed that effect is brought about by stopping the division of cells at premetaphase stage itself. This could be due either to prophase inhibition or by disturbing the normal functioning of the spindle mechanism or due to both of these. Prophase inhibition is considered an artifact of the inhibition of nuclear membrane. D'Amato (1950) has shown that different compounds induce a prolongation of prophase due to prophase poisoning. Inhi bition of mitotic spindle by colchicine (Davidson and MaCloed 1966 ) is already known. Disturbed mitotic spindles have been observed following radiation (Mar quardt 1938) and after treatment with various chemicals (Ostergren 1950, Patau and Patil 1951) .
The stickiness of chromosomes was associated with all the treatments in both the experiments and persisted throughout. According to Darlington (1942) sticki ness is due to the disturbances in the nucleic acid metabolism in the cell. It is con ceivable that ISDA is interfereing with this metabolism directly or indirectly which may also be a reason for observing chromosome breakage.
Other cytological abnormalities included bridges, fragments and micronuclei. Presence of bridges is sufficient to indicate that there has been some amount of chromosome breakage. Breakage of chromosomes has been observed following treatments with radiations and a variety of chemicals (Evans 1962 , Kihlman 1966 . In the present case chromosome fragments and bridges have been observed following a treatment with 0.02% for just two hours. Several hypotheses have been offered to explain the mechanism of chromosome breakage by radiations and chemicals in intact tissues (Revell 1958 , Wolff 1963 . In a few cases these breaks have rejoined to give bridges. These bridges were recovered only after 36 hours of recovery period when the cells had sufficient time to synthesize new chromosomal strands. Formation of bridges and fragments without centromeres are liable to be excluded from two daughter nuclei at telophase and become a third nuclear mass which is termed micronucleus. The presence of micronuclei through all the recovery inter vals confirms that there is a substantial amount of chromosome breakage. The appearance of fragments at anaphase and micronuclei immediately after the treat ment suggests that the breakage must occur in the post synthetic period, either at late G2 or at prophase.
Presence of pycnotic masses within a cell is another serious abnormality. These are Feulgen positive bodies in the cell and are formed from the degeneration of pro phase nuclei (Patna and Patil 1951) . According to these authors single pycnotic masses are formed from degeneration of prophase nucleus, while two or more such masses are most likely derived from either anaphase or telophase. ISDA is an isobutylamide of an unsaturated straight chain with a molecular weight of 223.
Compounds of similar structure have been found to possess a considerable insecticidal property (Crombie 1952 ).
Summary
Growing roots of onion were treated with solutions of ISDA a new compound of plant origin for 1-4 hours and frequencies of different stages of mitosis were determined immediately. A sudden reduction of mitotic index was noted even after 1 hour's treatment with 0.005%, while 0.02% fully inhibited the cell division after 4 hours of treatment. A prophase to anaphase ratio showed that there is an appre ciable amount of prophase inhibition and inhibition of the spindle which results in the polyploid nuclei. Cytological studies revealed abnormalities like bridges with or without fragments and a considerable number of polyploid cells. In second ex periment the growing roots were treated with 0.02% ISDA for three hours and allowed to recover for different durations upto 120 hours. It was seen that the inhibition on frequency of division lessened as the period of recovery increased.
A number of cytological aberrations were encountered. These included brid ges, micronuclei, pycnotic masses, fragments and laggards. Stickiness of chromo somes was pronounced throughout the treatment. However, following a recovery period of 120 hours it was seen that most of the abnormalities disappeared and frequency of normal cells increased correspon dingly.
